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Abstract. By studying mycorrhizal symbiosis, another important step is made in knowing the 
relationship between plants and soil microflora. Benefits that these symbiosis bring to plants and 
ecosystem are semnificative for the interpretation of physiological factors, like: extending the volume 
of soil accessible to plants, acquiring nutrient forms that would not normally be available to plants; for 
the ecosystem an important role is to soil structure and mechanical aggregation. In the pasture that we 
studied in the Apuseni Mountains we found as dominant species Carex hirta, percent in the floristic 
composition is 35-40%, and that is the primary reason for studying this plant. The study area is 
positioned at 2 meters far from the forest and the soil is caracterized by a big humidity – the subteran 
water is at a high level. To identify the influence of the forest, of the humidity and the relation with 
other plants in the pasture, first step was to find that plants of Carex hirta is colonized by mycorrhizal 
symbiosis. We harvest the plants with root from a 15 to 20 cm deep and we colored teh roots with a 
solution of ink with vinegar. The proposed method for diagnosis of mycorrhizal colonization on Carex 
hirta roots is specific for the area where the studies took place. 
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INTRODUCTION 
 
 An important step in the process of understanding the nature is the study of its 
components; if we want to understand the relations between those components, we must try to 
understand every component. 
 Mycorrhizal symbiosis is a microscopical fraction present in every ecosystem, with 
macroscopical influence in plant growth and development. This symbioses are caracterised by 
a bidirectional movement of nutrients, where hydrates of carbon produced by the plant are 
assimilated by fungus and inorganic nutrients absorbed by the fungus are assimilated by the 
plant. It can be concluded that mycorrhizal plants are more competitive and they are able to 
tolerate better the stress of the ecosystem where they live, much better than non-mycorrhizal 
plants. 
The term symbiosis is most often used to describe mycorrhizal associations. Symbiosis 
is defined broadly as “two or more organisms living together” and in most cases both partners 
benefit (Lewis, 1985). There are several types of symbiosis, depending on different 
combinations of plants, fungi, microbes and animals. 
 The name mycorrhizas (literally means fungus-root), was invented by A. B. Frank 
(1885) to describe non-pathogenic symbiotic associations between roots and fungi. In 2004 
Brundrett gave a revised definition that includes non-mutualistic mycorrhizas and excludes 
other plant-fungus associations: „Mycorrhizas are symbiotic associations essential for one or 
both partners, between a fungus (specialised for life in soils and plants) and a root (or other 
substrate-contacting organ) of a living plant, that is primarily responsible for nutrient transfer. 
Mycorrhizas occur in a specialised plant organ where intimate contact results from 
synchronised plant-fungus development”. 
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 Some authors consider that approximately 85-90% of living plants form mycorrhizal 
associations, according to other authors the percentage is approximately 95%. So most plants 
form this type of symbiosis - this aspect is particularly important in understanding the 
processes that favor the development of plants and their competition ability. 
 
Morphology of Mycorrhizal Associations: 
 
 Ectomycorrhizas – are typically formed between the roots of woody plants. The fungi 
form a mantle around roots and a Harting net between root cells. Usually the mantle covers 
almost entirely secondary roots; enlarge the absorption surface of the root and influence the 
morphology of secondary root causing their ramification.  
Arbuscular Mycorrhizas – this type of mycorrhiza is defined by by forming a highly 
branched arbuscular structure with cortical cells of the roots. In the first phase, the fungus 
grows between cortical cells, then penetrates cell wall and grows inside the cells. Other 
structures created by arbuscular mycorrhiza are vesicles (role of storage, formed in 
intercellurar spaces), auxiliary cells (they have a spiral or nodose form) and asexual spores 
(born from hyphae nods) 
 Orchid Mycorrhizas – it appear only on the plants of the Orchidaceae family and is 
presented as a network of hife around the roots or the plant stalk. Their role is to provide 
carbon and vitamins necessary for embryo development after germination seeds, at the mature 
orchids the role of mycorrhiza is low, the fungus only takes and transfer the nutrients. 
Ericoid Mycorrhizas – they start the hyphal coils in the cells outside of the "hair root" 
plants of the family Ericaceae; cels from intern radicular cortex grow together with fungus 
hyphae. They do not form a true mantle. 
Arbuscular mycorrhiza (AM) processes may influence the composition of an 
ecosystem of communities of pasture, but the effects are varied, they range from positive to 
significant, to negative. In addition, plant diversity in grasslands can be correlated with their 
productivity and the AM associations influence this factor in a positive way. 
 
The importance of mycorrhizas 
  
Benefits for plant. Increased plant nutrient supply by extending the volume of soil 
accessible to plants, and by acquiring nutrient forms that would not normally be available to 
plants. 
Retrieving and transferring less mobile ions (phosphate) or micronutrients (Zn, Cu) 
whose proportion in the soil is quite limited. This is favored by the fungus hifelor, whose 
diameter much lower than the roots can grow in acquiring small pores of soil, roots 
inaccessible.  
Ectomycorrhizas and Vesicular-Arbuscular Mycorrhizas can provide a level of 
protection against parasites fungi and nematodes. 
 Mycorrhizas can cause growth form changes to root architecture, vascular tissue. They 
may help seeds to establish in a place by forming a fungus mycelia on the roots.  
These symbioses can influence the competition capacity of colonized plants or can 
equilibrate the competition by creating a hyphal net between roots, and the nutrients aquired 
are balanced for all the plants (that is good for cultivated plants). An important role is the 
nutrients transfer from dead to living plants. 
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Role and benefits for the ecosystem. Soil hyphae are likely to have an important role 
in nutrient cycling by helping to prevent losses from the system, especially at times when 
roots are inactive (Lussenhop & Fogel 1999).  
Influence soil microbial populations and exudates. Contribution to soil structure – 
mechanical role in aggregation.  
Contribution to carbon storage in soil by altering the quality and quantity of organic 
matter. 
 
MATERIALS AND METHODS 
 
MATERIALS 
The studied sites are chosen after linking several factors - climate, altitude, exposition, 
soil type, ecosystem biodiversity and existing plants. 
For our studies we chose an area in the Apuseni Mountains, abadonata approximately 
5 years, so the influence of applied work on the land (mowing, grazed, fertilized) is not 
manifested.This area is a pasture placed near a forest (the experimental field is 2m far from 
the forest), the humidity is high because of the level of subteran water. Climate is temperate 
and the precipitatins are unequal repartized within the vegetation period.  
Vegetation is represented by Carex hirta, Agrostis cappilaris, Briza media, Lotus 
corniculatus, Trifolium spp.,Vicia craca, Leucanthemum vulgare, Achilea millefolium. The 
dominance of Carex hirta  represent 35-40 % in the floristic cover. 
From random places in the area were collected 5 plants. Samples are taken for analysis 
every month, starting with the end of May, in order to identify possible changes in the 
mycorrhizian fungi composition due to them seasonality, but also to determine different 
stages of development of fungus at harvest time. 
The sampling depth were from 0 to 20 cm, to ensure that all the active roots were 
colected. 
For the laboratory phase was used vinegar (9%), blue ink – Pelikan, distilled water, 
sodium hydroxide (NaOH - 98.5% purity). 
 
METHODS 
For identification of mycorrhiza infection we used two different methods of staining, 
which were developed on the method proposed by Horst Vierheilig et al.(1998). 
 
Method 1 
Samples taken are washed in distilled water in a stirrer to ensure primary washing (to 
remove large particles of soil). Then bathing for 2 hours in a solution of NaOH 10% for total 
cleaning of impurities, and dissolution of certain cellular compounds - to facilitate the 
staining. Cleaned roots are rinsed in distilled water for 10 minutes. 
Staining is done by bathing roots in a solution of 5% vinegar, 5% blue ink (Pelikan). 
Time required for a good staining is 1,5 hours. 
Destaining phase lasts 15-20 minutes and is done by bathing the roots in distilled 
water acidified with few drops of vinegar (9%). 
Roots were cut in segments 0,5-1,0 cm (main root, which adds to the amount of 
secondary roots on each segment).  
Diagnosis slides were examined and photographed using an optical microscope with 
image capture and the objectives used were 40x, 60x and 100x (Fig. 1). 
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Fig. 1. (a), (b) Different types of spore stained with blue ink. (c) Colonized roots of Carex hirta. (d), (e) 
coiled hyphae 
a b 
c 
d 
e 
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Method 2 
 
Samples taken are washed in distilled water in a stirrer to ensure primary washing (to 
remove large particles of soil). Then the roots boiled for 3-5 minutes in a solution of NaOH 
(10%), depending on the quantity of impurities present on the roots, to ensure their full 
removal. Rinsing roots is done with distilled water, for 5 minutes. 
 
 
 
 
 
 
 
 
Staining is done by boiling  roots in a solution of 5% vinegar, 5% blue ink (Pelikan). 
Boiling time for a good staining is 5 minutes. 
Destaining phase lasts 10-15 minutes and is done by bathing the roots in distilled 
water acidified with few drops of vinegar (9%). 
Roots were cut in segments 0,5-1,0 cm (main root, which adds to the amount of 
secondary roots on each segment).  
e 
c d 
a b 
f 
Fig. 1. (a), (b), (c), (d), (e), (f) vesicles and internal hyphae on roots of Carex hirta. 
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Diagnosis slides were examined and photographed using an optical microscope with 
image capture and the objectives used were 40x, 60x and 100x (Fig. 1). 
 
CONCLUSIONS 
 
The changes made on the standard ink-vinegar method have proved useful for our 
study, images obtained are relevant for analysis of the mycorrhizian fungus. Hyphae and 
spores had a good coloration, so they can be better visualised and described.  
Using the ink-vinegar solution reduce the negative influence of the classic substances 
on the environment.  
Roots of Carex hirta have responsed well to staining with Method 1, and the biggest 
advantage of this method is that is not necessary a source of fire, and equipment necessary for 
supervision of fire. 
For staining in laboratory conditions has been preferred the staining Method 2, 
because the images obtained after analysis of slides had a good quality and the advantage of 
this method is that all stages of the process were performed more quickly. 
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